The use of a central venous access device (CVAD) for adjuvant XELOX (capecitabine, oxaliplatin) does not appear to be justified for all cases of stage III colon cancer. The feasibility of XELOX without a CVAD in the adjuvant setting for stage III patients was evaluated. Our results confirm the feasibility of this approach in 81.2% of patients for whom a CVAD was not placed before the first chemotherapy cycle.
Introduction
Colorectal cancer (CRC) is the third most diagnosed cancer in the world and the fourth most common cause of cancer death. 1 The 3-year disease-free survival (DFS) for patients with stage III CRC without any postoperative chemotherapy has ranged from 44% to 52%. 2, 3 The standard adjuvant treatment for patients with stage III colon cancer consists of the combination of folinic acid, 5-FU, and oxaliplatin (FOLFOX), administered for 6 months. [4] [5] [6] [7] With the intent to improve the quality of life of patients with CRC, the oral drug capecitabine was developed as a substitute for infusional 5-FU/LV in the adjuvant setting. In the phase III Xeloda in Adjuvant Colon Cancer Therapy (X-ACT) trial of stage III colon cancer (CC), capecitabine was compared to 6 months of the Mayo Clinic 5-FU/LV combination. 8 Capecitabine yielded at least equivalent DFS to 5-FU/LV. In the multicenter phase III NO16968 trial, which randomized patients with stage III CC to either capecitabine and oxaliplatin (XELOX) for 3 weeks or standard bolus 5-FU/LV, XELOX showed superiority over 5-FU/LV. 9,10 A 3-year DFS of 70.9% with XELOX versus 66.5% with 5-FU/LV and 7-year overall survival of 73% with XELOX versus 67% with 5-FU/LV were observed. These results prompted the adoption of the XELOX regimen as standard adjuvant treatment for stage III CC. The International Duration Evaluation of Adjuvant Chemotherapy (IDEA) phase III multicenter trial was designed to test whether a 3-month course of oxaliplatin-based adjuvant therapy (modified FOLFOX6 or XELOX) is not inferior for DFS to the current 6-month duration of the identical treatment. 11
With the XELOX regimen, capecitabine is administered orally, with intravenous administration of oxaliplatin. Given that oxaliplatin is classified as an irritating cytostatic regimen, 12 its administration through a peripheral vein does not induce a severe risk of skin toxicity in the case of extravasation. Oxaliplatin infusion without the need for a central venous access device (CVAD) has been reported in patients with metastatic CRC; however, very few data have been published regarding this aspect. 13 The placement of an implantable CVAD might not be always justified in patients for whom peripheral venous access (PVA) is sufficient and for those who undergoing XELOX for a maximum duration of 8 cycles, such as in the case of adjuvant chemotherapy for stage III CRC. The IDEA study provided an ideal learning opportunity to compare CVAD XELOX chemotherapy delivery with PVC XELOX administration in patients with stage III CRC.
The present study used an extraction of the IDEA FRANCE database to evaluate the feasibility of XELOX chemotherapy without a CVAD as adjuvant treatment of stage III CC.
Patients and Methods

Patients
Patients eligible for study inclusion were those with stage III CC and those treated with XELOX (at least as the first course of treatment) in the French IDEA study (ClinicalTrials.gov identifier, NCT00958737; EudraCT number, 2009-010384-16) . Patients were excluded from the present analysis if the first cycle of chemotherapy had been the FOLFOX6 modified regimen.
Each patient provided written informed consent before undergoing any study-related procedures. The study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines.
Study Design
The IDEA international collaboration was established to prospectively pool and analyze data from multiple randomized trials to answer the question of whether a 3-month course of oxaliplatin-based adjuvant therapy (FOLFOX4 or modified FOLFOX6 or XELOX) is noninferior to the current standard 6-month treatment in patients with stage III CC. The 3-year DFS was the primary endpoint. We retrospectively studied the data from patients with stage III CC treated with the XELOX regimen identified from the IDEA France trial database (protocol Groupe Coopérateur Multidisciplinaire en Oncologie [GERCOR] C09-1). Baseline demographic and clinicopathologic data were collected by review of the individual patient medical records, including age, sex, body mass index, TN stage, and tumor grade. Details of the chemotherapy received included the first and final chemotherapy cycles; total dose of oxaliplatin, capecitabine, and 5-FU administrated per cycle; reasons for ending treatment, and conversion rate of XELOX to FOLFOX.
Additional information regarding the route of chemotherapy administration was collected from the investigators through a specific questionnaire. These data included the date and reasons for CVAD insertion and the occurrence of PVA-related complications, such as extravasation, deterioration of the patient's peripheral veins, lymphangitis, thrombosis, pain, and other complications. The patients were divided into 2 treatment groups: the CVAD group and the PVA group, consisting of patients with and without a CVAD for the first chemotherapy cycle, respectively.
Treatment
Treatment consisted of 3 or 6 months of chemotherapy with the modified FOLFOX6 (6 or 12 cycles) or XELOX (4 or 8 cycles). The XELOX regimen consisted of oxaliplatin, administered as a 130 mg/m 2 intravenous infusion over 2 hours (on day 1, every 3 weeks), combined with capecitabine, administered orally at a dose of 1000 mg/m 2 twice daily (for a total daily dose of 2000 mg/m 2 ; with the first evening dose on day 1 and the last morning dose on day 15). The XELOX regimen was given as intermittent treatment
(3-week cycle consisting of 2 weeks of treatment followed by 1 week off). The choice between the 2 treatment regimens was decided by the patient and investigator. The choice between CVAD or PVA administration of oxaliplatin was the investigator's decision.
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Study Endpoints
The primary endpoint was the feasibility of XELOX chemotherapy without a CVAD. Chemotherapy without a CVAD was defined as "feasible" if administered for all cycles of adjuvant chemotherapy and "not feasible" if a CVAD was placed for the second cycle, whatever the reason. The secondary endpoints were the number of patients who required CVAD placement after initial PVA insertion, the interval between PVA removal and CVAD insertion, and the rate and type of PVA-related complications.
The conversion rate from XELOX to FOLFOX and the exposure to oxaliplatin therapy (number of cycles and doses) in each group were also evaluated.
Statistical Analysis
All eligible patients identified in the IDEA France study were included in the present retrospective study, without any formal statistical power calculations for sample size. Descriptive statistics (number of subjects, median, and average) were used for quantitative variables and percentages for qualitative variables. Pearson's χ 2 test or the appropriate Fisher exact test was used to evaluate the statistical significance of the differences between the 2 groups. The Student t test was used for continuous variables. All tests were performed 2-sided, and P < .05 was considered statistically significant.
Results
Patient Population
A total of 203 of the 2023 patients (10.0%) from the IDEA France database were considered eligible for the present study. Of these, 86 (42.4%) were classified into the PVA group and 116 (57.1%) into the CVAD group. One patient in the PVA group was not treated. The main characteristics of the eligible patients are listed in Table 1 . The distribution of patient characteristics at baseline was similar between the 2 groups, except for tumor grade differentiation. Data presented as n (%), unless otherwise noted.
Abbreviations: BMI = body mass index; CVAD = central venous access device; PVA = peripheral venous access. Abbreviations: CVAD = central venous access device; NA = not applicable; PVA = peripheral venous access; XELOX = capecitabine and oxaliplatin.
Chemotherapy Administration
In the PVA group, 1 patient was not treated, and 85 patients had chemotherapy administered without a CVAD for the first cycle. Of these 85 patients, 69 (81.2%) did not require the insertion of a CVAD, and 16 (18.8%) did require CVAD insertion. CVAD insertion was required because of complications related to PVA usage in 5, a systematic delay of the initially planned CVAD implantation (with the CVAD placed before the second cycle of chemotherapy) in 7, a switch to the FOLFOX regimen in 2, and other reasons in 2 ( Figure 1 ). Five (5.8%) of the PVA-related complications were related to deterioration of the venous capital or lymphangitis (n = 4) or pain (n = 1). No cases of chemotherapy extravasation or thrombosis developed. For the 7 patients for whom implantation of a CVAD had initially been planned, the CVAD was implanted after the first cycle of chemotherapy (without previous evaluation of the venous capital) owing to a delay in scheduling catheter insertion. The median interval to CVAD insertion was 20 days (range, 5-88). Of the 7 patients in the systematic delayed insertion group (Figure 1) , 6 received XELOX for 6 months and 1 received XELOX for 3 months.
In the CVAD group, 102 patients (87.9%) underwent systematic CVAD implantation before the first cycle of treatment. Twelve patients (10.3%) underwent CVAD implantation because of venous insufficiency and two (1.7%) for other reasons.
The conversion rate from XELOX to FOLFOX6 modified was 2.3% in the PVA group and 7.7% in the CVAD group.
Oxaliplatin Exposure
In both groups (CVAD and PVA), patients treated with XELOX for 3 months received a median of 4 cycles of oxaliplatin (Table 2 ). The median cumulative dose of oxaliplatin did not differ significantly between the 2 groups (878 mg/m 2 and 882 mg/m 2 , respectively; P = .23). For patients treated with XELOX in the 6-month arm, the median number of oxaliplatin cycles was 8 in the CVAD group and 7 in the PVA group, with no significant difference in the median cumulative dose of oxaliplatin between the 2 groups (1430 mg/m 2 and 1306 mg/m 2 , respectively; P = .55).
Discussion
The results of our study have shown that XELOX chemotherapy without a CVAD is a feasible approach for treating patients with stage III CC in the adjuvant setting. XELOX chemotherapy without a CVAD was successful in 81.2% of patients for whom a CVAD was not planned before the first cycle of chemotherapy and in 88.4% of patients for whom chemotherapy had been planned without the use of CVAD. 
Annotations:
A1. modified FOLFOX6-treated
A1
The main indication for CVAD includes the need for venous access in patients undergoing prolonged intravenous chemotherapy or patients who are expected to be given vesicant drugs or other drugs associated with vascular intimal damage (administration of solutions with a pH < 5 or > 9, osmolarity > 500 mOsm/L), especially in patients with poor blood flow in the veins. 14, 15 However, the insertion and use of the device can be accompanied by multiple early and late complications, mainly pneumothorax, catheter malposition, hemothorax, cardiac arrhythmia, and arterial puncture. [15] [16] [17] [18] In the present series, only 5.8% of patients in the PVA group experienced complications related to deterioration of the venous capital or lymphangitis (n = 4), or pain (n = 1). The rate of pain associated with oxaliplatin infusion in the peripheral vein was probably underreported in the present analysis owing to the retrospective data collection using the study questionnaire.
Oxaliplatin, given its pharmacologic features (pH of 6 and osmolarity of 200 mOsm/L) and short-term duration (2-hour infusion for a maximal duration of 6 months), can be infused through a peripheral vein. In most cases, however, if 8 cycles are planned, oxaliplatin infusion will be stopped before the end of treatment owing to oxaliplatin-induced peripheral neuropathy.
Few studies have investigated the feasibility of oxaliplatin administration without using a CVAD. In the study by Yoshida et al, 13 the safety and efficacy of CVAD-port-free chemotherapy administration of XELOX plus bevacizumab or XELOX alone by way of the median cubital vein in 144 patients with metastatic CRC was assessed. The investigators reported that this approach is appropriate in this setting. 13 Also, although 59% of the patients developed transient vascular pain, none required CVAD implantation or treatment delays with administration by way of a peripheral vein. In our study, XELOX chemotherapy without a CVAD proved to be feasible for 81.2% of patients with stage III CC in whom implantation of a CVAD was not planned before the first cycle of adjuvant treatment and for 88.4% of patients for whom chemotherapy was planned without the use of CVAD, without consequences in treatment exposure. Complications occurring in the absence of a CVAD were relatively rare and benign. The most common reasons that led to a second insertion site for placement of an implantable device were deterioration of the venous capital (8.2%) and a switch to the modified FOLFOX6 regimen (2.4%). The median number of XELOX cycles and the median dose of oxaliplatin were similar in the CVAD and PVA groups for the 3-and 6-month adjuvant chemotherapy durations. However, we found that a CVAD was inserted before oxaliplatin administration in about 57% of cases (CVAD group). In most of the centers, this procedure was performed systematically and in only few cases because of insufficient venous capital. The present analysis was retrospective using data collected from a questionnaire sent to the principal investigators and therefore clearly subject to recall bias and prone to incomplete data.
Most patients prefer oral to intravenous chemotherapy because of its convenience and with the understanding that efficacy will not be sacrificed and their quality of life will be improved. [19] [20] [21] Likewise, administration of adjuvant chemotherapy without a CVAD is more convenient for patients. Without a CVAD, the risks of complications related to its placement (eg, pneumothorax, infection, thrombosis) are eliminated and a cicatrix will be absent, an issue particularly important for women. In addition, such an approach eliminates the need for catheter implementation and reduces CVAD system complications and costs. In France, the FOLFOX regimen is the standard of care for stage III CC because of the results of the MOSAIC study. 4, 7 The XELOX regimen is not usually used in this setting. In the French IDEA population, the investigators had a choice between these 2 regimens (modified FOLFOX6 or XELOX), and the XELOX regimen was the offered treatment for only 10% of patients. Nurses and physicians will usually request CVAD implantation before a patient begins intravenous chemotherapy. Our analysis has demonstrated that it is possible to administer the XELOX regimen without a CVAD for most patients.
Systematic CVAD implementation before XELOX adjuvant chemotherapy does not appear to be justified. However, a careful assessment of the patient's venous capital by an experimented nurse or physician can better guide the decision of whether a CVAD should be placed, without compromising the patient's anticancer treatment and still respecting the patient's wishes. The implementation of this approach in clinical practice can offer an effective method of generating cost-savings in terms of public health 22 and will become a recommendation, especially if the international IDEA collaboration demonstrates that 3 months of chemotherapy combining fluoropyrimidines with oxaliplatin is noninferior to 6 months of chemotherapy.
Conclusion
In the present study, we have demonstrated that XELOX chemotherapy without a CVAD is a feasible approach for treating most patients with stage III CC in the adjuvant setting without adverse consequence in treatment exposure.
From a clinical standpoint, our findings contribute toward a better orientation of therapeutic decisions. An appropriate assessment of the patient's venous capital by the nurse or physician can better guide decision on whether a CVAD should be placed, with the aim of maximizing the patient's anticancer treatment benefit and minimizing the impairments to the patient's quality of life.
Clinical Practice Points
• The standard adjuvant treatment regimens for patients with stage III CC consists of the combination of fluoropyrimidine (intravenous 5-FU and LV or oral capecitabine) and oxaliplatin (FOLFOX or XELOX) for 6 months.
• Oxaliplatin administration through a peripheral vein does not induce a severe risk of skin toxicity in the case of extravasation.
• Oxaliplatin infusion without the need for a central venous access device (CVAD) has been reported in patients with metastatic CC; however, very few data have been published regarding this aspect, and most oncologists request placement of a CVAD before the first cycle of chemotherapy.
• In the present study, 56% of patients with stage III CC underwent systematic insertion of a CVAD before the first cycle of adjuvant XELOX and 44% began the first cycle of chemotherapy with PVA and without a CVAD.
• For patients without a CVAD at the first cycle of treatment, 18.8% required CVAD insertion for the second cycle for different reasons, principally related to deterioration of the venous capital or lymphangitis.
• A careful assessment of the patient's venous capital by an experienced nurse or physician can better guide the decision of whether a CVDA should be placed, without compromising the patient's anticancer treatment and respecting the patient's wishes. 
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